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FOREWORD 


Second-order  nonlinear  optical  polymers  are  being  developed  for  high  speed  optical 
signal  processors,  such  as  fiber-optic  switches,  modulators,  and  beam  steering  devices. 
The  goal  of  this  project  was  to  prepare  new  polymers  and  films  having  improved  optical 
figures  of  merit  and  thermal  stability  by  taking  advantage  of  the  self-ordering  properties  of 
polypeptides.  Our  objective  was  to  synthesize  polypeptides  containing  pendent 

chromophores  which  would  assemble  into  the  (J- sheet  conformation  while  floating  on  a 
water  surface.  Multilayers  of  this  floating  monolayer  would  be  built  up  into  an  optical 
waveguide  by  Langmuir-Blodgett  processing.  This  was  the  third  year  that  Professor 
Alfred  Schram  worked  at  China  Lake  on  a  U.S.  Navy/American  Society  for  Engineering 
Education  (ASEE)  Summer  Faculty  Fellowship.  This  technical  paper  describes  his  work 
from  1  Jun-7  Aug  1992. 

This  work  was  sponsored  by  the  Office  of  Naval  Research  (S.  Snyder,  ONR  121), 
Contract  N00014-91-W-22049,  Program  Element  61153N,  Task  Area  R2206,  and  Work 
Unit  138584.  This  report  has  been  reviewed  for  technical  accuracy  by  Geoffrey  A. 
Lindsay. 


Approved  by 
R.  L.  DERR,  Head 
Research  Department 
1 1  December  1992 

Released  for  publication  by 
W.  B.  PORTER 

Deputy  Commander  for  Research  &  Development 


Under  authority  of 
W.  E.  NEWMAN 


RAdm.,  U.S.  Navy 
Commander 


NAWCWPNS  Technical  Publication  8080 


Published  by  . Technical  Information  Department 

Collation  .  Cover,  10  leaves 

First  printing  . 45  copies 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  No.  0704-0188 


1  AGENCY  USE  ONLY  (Leave  biank) 


PuUcnpotinBbufdtntarMioolKMonotMonnelDn  MMimMdtaMaotl  how  par  rwponM.  hdudinQ  llrm  tor  rtwnwnj  inoinjclion*.  Moirtmg  aunn0  dMunaab 
nwaiWnlngllwdUsnMd*d.«ni)aonpMingan)i«vaming(wcalMwnatManralion.  S «nB  uwirnnn  r»a«rt»n)t1«  bura»n  mvnm  ot  «n»  athw  mfma  <*  Vm colacaon  d  ntomwon. 
including  auggwbons  tar  raduong  itu  button,  to  Wostiingian  Hoodguonoto  Sonnooo.  DmucnM  tar  Wermflion  Oporaaono  and  Ropartt.  1215  Jalonon  Dovtt  Ikgltmy.  Sulo  120*.  Artnpon. 

V*  22202-4302.  and  to  Ok  Otlica  cl  Managomont  and  Budgot.  Paperwork  Roduown  Propel  (07O4-0188).  Waihmgton.  DC  20503.  _ 


2  REPORT  DATE  3  REPORT  TYPE  AND  DATES  COVERED 

December  1992  Status;  1  Jun-7  Aug  1992 


4.  TITLE  AND  SUBTITLE  5  FUNDING  NUMBERS 

Synthesis  of  Nonlinear  Optica!  Peptides  PE  61153N 

TA  R2206 

6  AUTHORS  WA  138584 


kT^KSmuI 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Naval  Air  Warfare  Center  Weapons  Division 
China  Lake,  CA  93555-6001 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 

NAWCWPNS  TP  8080 


9  SPONSORING/MONITORING  AGENCY  NAMES(S)  AND  ADDRESS(ES) 

Office  of  Naval  Technology 
800  N.  Quincy  Street 
Arlington,  VA  22217-5000 


AGENCY  REPORT  NUMBER 


12a.  DISTRIBUTION  /AVAILABILITY  STATEMENT 


Approved  for  public  release;  distribution  is  unlimited. 


13.  ABSTRACT  (Maxtmum  200  words) 

Two  dozen  dye-conjugate  peptides  were  synthesized  in  a  10-week  period  in  an  attempt  to 
produce  nonlinear  optical  polymers  that  self-assemble  into  p-sheets.  These  would  then  be 
processed  into  second-order  nonlinear  optical  films  by  Langmuir-Blodgett  deposition.  Glutamate- 
chromophore  conjugates  gave  soluble  polymers,  whereas  lysine  amides  and  imines  of 
chromophores  gave  insoluble  polymers.  The  soluble  polymers  will  be  characterized  for  composition 
and  film-forming  properties.  Eight  dipeptide-dye  conjugates  were  synthesized  for  subsequent 
polymerization  at  the  air-water  interface  of  a  Langmuir-Blodgett  trough.  The  soluble  polypeptide 
conjugates  and  dipeptides  are  available  when  time  and  funding  permits  continued  investigation. 


14  SUBJECT  TERMS 

Langmuir-Blodgett,  Nonlinear  optical  polymers,  Polypeptide,  Conjugates 

17.  SECURITY  CLASSIFICATION 

18.  SECURITY  CLASSIFICATION 

19.  SECURITY  CLASSIFICATION 

OF  REPORT 

OF  THIS  PAGE 

OF  ABSTRACT 

UNCLASSIFIED 

UNCLASSIFIED 

UNCLASSIFIED 

NSN  7540-0 1 -280-5500 


15.  NUMBER  OF  PAG2S 
18 


16.  PRIC 


Standard  Form  298  (Rev.  2-89) 
Prescribed  by  ANSI  SU  235-18 
296-102 


Standard  Form  296  Back  (Rev.  2-69) 


SECURITY  CLASSIFICATION  OF  THIS  PAGE 

UNCLASSIFIED 


NAWCWPNS  TP  8080 


CONTENTS 


Introduction .  3 

Experimental  Section .  3 

Homopolymer  Derivatives .  3 

Copolypeptide  Derivatives .  6 

Dipeptides  .  9 

Discussion  . 14 

Conclusions . 15 

References . 17 


ACKNOWLEDGMENTS 


Many  of  the  chromophores  used  were  synthesized  by  R.  A.  Henry  (Naval  Air 
Warfare  Center  Weapons  Division  (NAWCWPNS)).  Useful  suggestions,  equipment,  and 
chemical  reagents  were  provided  by  G.  A.  Lindsay,  J.  M.  Hoover,  J.  D.  Stenger-Smith, 
and  R.  A.  Henry  (all  of  NAWCWPNS).  R.  A.  Nissan  (NAWCWPNS)  provided  the 
nuclear  magnetic  resonance  spectra  and  D.  Olshefski  (University  of  California, 
San  Diego)  made  peptides  602,  632,  and  725.  This  investigation  was  sponsored  by 
Dr.  S.  Snyder  (Code  121,  Office  of  Naval  Research). 


Accession  for 

NilS  QRAAI 

.  DTIC  TAB 

□ 

i  Unannounced 
j  Just  if iGetloa _ 

□ 

By - 

blatrl'putl  :>a/ 
A\si?atillty  uo<i;. 

;7.  c.'-l*:} r 

Diet  !  Spv.-c-*l 

I! 

/ 


p 


NAWCWPNS  TP  8080 


INTRODUCTION 


This  is  the  third  report  on  the  synthesis  of  nonlinear  optical  polypeptide  conjugates 
(References  1  and  2).  Previous  efforts  lead  to  polypeptides  with  low  solubilities, 
hampering  the  determination  of  physical  properties  and  especially  the  fabrication  of  thin 
films.  The  preparation  of  a  few  polypeptide  conjugates  has  been  reported;  for  example, 
poly(L-glutamic  acid)  with  photochromic  ester  side  chains  (References  3  through  6)  or 
poly(L-lysine)  with  photochromic  amide  side  chains  (References  7  and  8).  But  these 
polypeptide  conjugates  also  have  low  solubilities.  In  these  preparations,  esterification  of 
the  free  y-carboxyl  groups  of  poly(L-glutamic  acid)  or  amide  formation  of  the  free 
e-amino  groups  of  poly(L-lysine)  was  incomplete,  leaving  polar  side  chains  which  appear 
to  reduce  the  solubility  in  organic  solvents. 

Since  poly(y-benzyl-L-glutamate)  is  soluble  in  organic  solvents  such  as  chloroform, 
poly(L-glutamate-dye)  conjugates  were  synthesized  with  y-benzyl  ester  functions  rather 
than  free  carboxyl  groups.  As  was  expected,  these  polypeptides  were  more  readily 
soluble  in  organic  solvents.  The  poly(e-amide  or  imine-L-lysine)  conjugates  had  low 
solubilities.  Dye  conjugates  of  polymers  of  leucyllysine  or  alanyllysine  also  lacked 
adequate  solubility  for  purification  and  film  formation. 

The  compounds  synthesized  for  this  report  are  listed  in  the  Experimental  Section. 


EXPERIMENTAL  SECTION 
(Excerpts  from  NAWCWPNS  Laboratory  Notebook  1423) 


Homopolymer  Derivatives 
Polv(L-plutamates) 
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The  preparation  sequence  included  hydrolysis  of  poly(Y-benzyl-L-glutamate) 
followed  by  esterification  with  an  appropriate  dye  in  the  presence  of  dicyclohexylcarbo- 
diimide.  Essentially,  poly(y-benzyl-L-glutamate)  is  dissolved  in  boiling  dioxane;  a  two¬ 
fold  excess  of  NaOH  (based  on  ester  groups)  dissolved  in  the  minimum  amount  of  water 
is  added;  the  mixture  is  refluxed  for  an  hour,  after  which  the  dioxane  and  most  of  the 
generated  benzyl  alcohol  are  removed  in  vacuo.  The  residual  gum  is  taken  up  in  water, 
acidified  with  5  N  HC1,  and  filtered.  After  washing  with  water  and  alcohol,  the 
polypeptide  is  dried.  It  can  then  be  dissolved  in  the  minimum  amount  of  hot  dimethyl- 
formamide,  diluted  with  two  volumes  of  dichloromethane,  cooled  to  5°,  mixed  with 
dicyclohexylcarbodiimide  and  a  hydroxyl-containing  dye,  stirred  at  room  temperature  for 
2  to  5  days,  filtered,  and  evaporated  to  a  small  volume  in  vacuo.  The  residual  thick  liquid 
is  dropped  into  vigorously  stirred  alcohol.  After  centrifugation,  the  solid  residue  is 
dissolved  in  a  minimum  amount  of  dichloromethane  or  chloroform,  centrifuged  to 
remove  any  insoluble  material,  and  precipitated  with  alcohol  or  ether.  The  process  is 
repeated  until  the  washings  are  colorless. 

1423-21,  1423-48;  R  =  4-(4-nitrophenylazo)-N-ethyl,  N-2-hydroxyethylaniline 
(disperse  Red  1) 


N02 


1423-64;  R  =  4-(  1 ,2,2-tricyanovinyl)-N -ethyl,  N-2-hydroxyethylaniIine 


1423-67;  R  =  2  H-7-(2-hydroxyethyl)methylaminopyrido[3,2-b]-4-trifluoro- 
methylbenzopyran-2-one 
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1423-78;  R  =  7-diethylamino~3-(N-2-hydroxyethyl)coumarine-carboxamide 


Polv(L-lvsines) 


The  amides  were  prepared  by  condensation  between  poly(L-lysine)  and  acidic  dyes  in 
the  presence  of  a  carbodiimide  and  1-hydroxybenzotriazole.  The  imines  were  obtained 
by  condensation  between  poly(L-lysine)  and  appropriate  aldehydes. 

1423-18, 1423-19, 1423-29;  R  =  4-(4-dimethylaminophenylazo)benzoyl 
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1423-70;  R  =  all  /ra/w-retinal 


Copolypeptide  Derivatives 
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1423-50;  R  =  4-(4-dimethylaminophenylazo)benzoyl 


1423-71;  R  =  4-dimethylaminophenylazo 
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1423-26;  R  =  phenyl 


1423-61;  R  =  4-(4-phenylazo)phenylazophenyl 


1423-58;  R  =  4-(4-dimethylaminophenylazo)benzoyl 


N 


I 


Dipeptides 

Dipeptides  of  suitable  amino  acids  were  synthesized  according  to  either  of  the  two 
sequences:  (1)  two  protected  amino  acids  were  bonded  and  the  still-protected  dipeptide 
was  derivatized  with  a  chromophore;  (2)  a  protected  amino  acid  was  derivatized  with  a 
chromophore  and  bonded  to  another  amino  acid.  The  dipeptides  were  synthesized  as 
precursors  to  copolypeptides. 
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Aspartame  derivatives 

1423-04, 1423-14;  aspartyl-4-(4-nitrophenylazo)phenylalanine  methyl  ester, 
m.p.  is  169-170° 


1423-53;  aspartyl-4-(4-phenylazo)phenylazophenylalanine  methyl  ester, 
m.p.  114°fd) 
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1423-34;  3-(4-nitrophenylazo)phenylazotyrosylalanine;  (decomposes  above  125°) 


L-Lvsvlglvcine  derivatives 


1423-52;  a-benzyloxycarbonyl-e-4-(4-dimethylaminophenylazo)benzoyllysyl- 
glycine  ethyl  ester 


O 
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1423-54;  a-t-butyloxycarbonyl-e-4-(4-dimethylaminophenylazo)benzoyllysyl- 
glycine  N-hydroxysuccinimide  ester,  m.p.;  is  206-209° 


1 423-62;  y-[4-(4-nitrophenylazo)-N-ethyl,  N-2-hydroxyethylanilide]glutamylglycine 
octadecyl  ester 
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L-Alanvi-L-serine  derivatives 

1423-73;  alanyl-0-4-(4-dimethylaminophenylazo)benzoylserine  octadecyl  ester 


1423-79;  t-butyloxycarbonylalanyl-0-4-(4-dimethylaminophenylazo)benzoyl- 
methyl  ester 
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DISCUSSION 

f 


Polypeptide  molecules  spontaneously  assume  stable,  highly  organized  conformations 
such  as  a-helices  or  (3-sheets.  Typically,  the  a-helices  impart  solubility,  while  the  * 

fj-sheet  conformation  is  associated  with  highly  insoluble  polypeptides.  The  fi-sheet 
coformation  is  based  on  the  antiparallel  juxtaposition  of  stretched  out  polypeptide  chains 
with  the  side  chains  of  alternating  amino  acyl  units  located  on  the  same  side  of  the  sheet 
(Reference  9).  With  side  chains  of  alternating  units  made  of  a  polar  chromophore,  the 
whole  sheet  would  form  a  very  thin  film  with  the  capability  of  strong  second  harmonic 
generation.  The  rigidity  and  stability  of  the  beta-sheet  conformation  should  also  prevent 
or  at  least  reduce  randomness  in  orientation  of  the  chromophores'  dipole  moments. 

Poly(L-lysine)  amides  and  imines  of  chromophores  had  very  low  solubilities  in 
organic  solvents.  Since  not  all  the  side  chains  have  been  substituted,  and  the  substitution 
is  most  probably  random,  second  harmonic  generation  could  be  induced  through  poling 
during  film  formation.  But  the  lack  of  solubility  in  volatile  solvents  hampers  these 
processes. 

Copolypeptides  of  alternating  amino  acyl  and  amino  acyl-chromophore  sequences 
should  form  polar  Langmuir  monolayers,  since  in  the  fi-sheet  conformation,  the  pendant 
chromophores  should  be  parallel  to  each  other  (Reference  1).  The  lysyl  side  chains  of 
oligopeptides  of  leucyllysine  or  alanyllysine  sequences  were  coupled  to  chromophores, 
but  in  these  preparations  also,  insolubility  in  volatile  solvents  makes  film  fabrication 
difficult 

Poly(Y-benzyl-L-glutamate)  on  the  other  hand  is  soluble  in  chloroform;  however,  if 
some  of  the  side  chains  have  a  free  carboxyl  group,  the  peptide  becomes  insoluble  in 
chloroform.  Even  in  the  case  in  which  up  to  85%  of  the  side  chains  have  an  ester 
function  (Reference  6),  the  solubility  is  very  low. 

To  maintain  solubility,  poly(y-benzyl-L-glutamate)  was  partially  hydrolyzed,  and  the 
freed  carboxyl  groups  were  esterified  to  photochromic  dyes.  The  products  obtained  in 
this  fashion  were  highly  colored,  and  still  soluble  in  chloroform  and  in  dichloromethane. 

The  original  y-benzyl  ester  groups  were  most  probably  hydrolyzed  at  random,  and  thus 
the  chromophores  are  also  assumed  to  be  located  at  random  along  the  polypeptide 
backbon  '.  The  solubility  suggests  an  a -helix  conformation  at  least  in  solution. 

Therefore,  poling  should  be  necessary  to  align  the  chromophore  during  film  fabrication. 

Should  the  films  be  stable  and  exhibit  substantial  second  harmonic  generation,  the 
synthesis  offers  a  good  alternative  to  the  reported  methods;  furthermore,  the  starting 
polyCy-benzyl-L-glutamate)  is  about  five  times  cheaper  than  poly(glutamic  acid). 


* 
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CONCLUSIONS 
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Several  y-esters  of  poly(L-glutamic  acid)  were  synthesized  by  replacing  some  of  the 
<•  benzyl  esters  of  the  starting  material  by  dye  esters.  All  were  soluble  in  dichloromethane 

and  in  chloroform  to  yield  highly  colored  solutions.  Poling  during  evaporation  of  these 
solutions  should  provide  thin  films  with  parallel  chromophore  pendants. 

Copolypeptides  prepared  from  dipeptides,  one  unit  of  which  has  a  chromophore,  may 
provide  both  solubility  and  conformation  stability.  For  example,  polyCy-benzyl-L- 
glutamate-alt-y-dye-L-glutamate)  should  readily  assume  the  {3-sheet  conformation  for 
proper  orientation  in  the  solid  state,  and  yet  be  soluble  in  chloroform,  since  all  the  side 
chains  have  ester  functional  groups.  Other  sequences  (for  instance,  involving  serine 
O-esters)  may  provide  useful  alternatives. 

Poly(L-lysine  amide  or  imine)  conjugates  were  easily  prepared,  but  lacked  the  needed 
solubilities.  The  solubility  does  not  appear  to  depend  on  peptide  size,  since  poly- 
(L-lysine)  derivatives  with  the  number  of  lysyl  units  varying  from  3  (compound  1423-33) 
to  800  (compound  1423-18  and  others)  were  all  insoluble  in  chloroform. 


15 


NAWCWPNS  TP  8080 


1 

REFERENCES 


1.  Naval  Weapons  Center.  Nonlinear  Optical  Polypeptide  Conjugates  Status  Report, 
by  Geoffrey  A.  Lindsay,  China  Lake,  Calif.,  NWC,  and  Alfred  C.  Schram,  West 
Texas  State  University,  Canyon,  Texas,  September  1990.  16  pp.  (NWC  TP  7108, 
publication  UNCLASSIFIED.) 

2.  - .  Synthesis  of  Peptides  With  Optical  Nonlinearity,  by  Alfred  C.  Schram,  West 

Texas  State  University,  Canyon,  Texas.  China  Lake,  Calif.,  NWC,  March  1992. 
21  pp.  (NWC  TP  8016,  publication  UNCLASSIFIED.) 

3.  T.  H.  Cooper,  L.  V.  Natarajan,  R.  Strasser,  R.  Pachter,  and  R.  L.  Crane  (in  press). 

4.  O.  Pieroni,  J.  L.  Houben,  A.  Fissi,  P.  Costantino,  and  F.  Gaidelli,  J.  Am.  Chem.  Soc., 
Vol.  102  (1980),  p.  5913. 

5.  F.  Ciardelli,  D.  Fabbri,  O.  Pieroni,  and  A.  Fissi,  J.  Am.  Chem.  Soc.,  Vol.  Ill  (1989), 
p.  3470. 

6.  A.  Fissi  and  O.  Pieroni,  Macromolecules,  Vol.  22  (1989),  p.  1 1 15. 

7.  H.  Yamamoto,  Macromolecules,  Vol.  19  (1986),  p.  2472. 

8.  O.  Pieroni,  A.  Fissi,  A.  Viegi,  D.  Fabbri,  and  F.  Ciardelli,  J.  Am.  Chem.  Soc.,  Vol. 
114  (1992),  p.2734. 

9.  W.  F.  Degrado  and  J.  D.  Lear,  J.  Am.  Chem.  Soc.,  Vol.  107,  No.  25  (1985), 
pp.  7684-89. 


NAWCWPNS  TP  8080 


t 


* 


INITIAL  PTSTKraODOB 


2  Naval  Air  Defense  Command,  Warminster 
Code  5052,  W.  Herman  (1) 

Code  6023,  J.  Sheehey  (1) 

2  Naval  Research  Laboratory 

Code  6106,  CDR  S.  Snyder  (1) 

Code  6120,  D.  Sheehan  (1) 

1  Office  of  Naval  Research,  Arlington  (Code  1113,  K.  Wynne) 

1  Army  Materials  Technology  Laboratory,  Watertown  (SLOO-fMP,  R.  Singler) 

1  Army  Research,  Development  and  Engineering  Canter,  Natick  (STRNC-YS,  F.  Bissett) 

1  Air  Force  Wright  Laboratory,  Dynamics  Directorate,  Wright-Patterson  Air  Force  Base 
(WL/MLPJ,  Dr.  R.  Crane) 

2  Defense  Technical  Information  Center,  Alexandria 

3  West  Texas  State  University,  Canyon,  TX  (Math  and  Physical  Science  Department, 

Dr.  Alfred  C.  Schram) 


9 


18 


